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Abstract
Infection of a peripheral joint following arthroscopic surgery presents with an incidence of
approximately 0.42% an extremely rare entity. However, septic arthritis is a serious situation
possibly leading to an irreparable joint damage. Especially at delayed diagnosis patients' safety can
be endangered severely. Only few precise statements regarding diagnosis and therapy have been
published so far. Besides an accurate analysis of the patient's anamnesis and the assessment of the
C-reactive protein especially arthrocentesis is required for diagnostic workup. For early stage
infections arthroscopic therapy is proven to be of value. In addition a calculated and consecutive
germ-adjusted antibiotic therapy is essential. In case of persisting signs of infection the indication
for re-arthroscopy or conversion to open revision has to be stated in time. The number of
necessary revisions is dependent on the initial stage of infection. For pain therapy postoperative
immobilization of the affected joint is occasionally essential, if otherwise possibly early mobilization
of the joint should be performed.
Introduction
Although septic arthritis following arthroscopic surgery is
a very rare incident it is a crucial issue, significantly endan-
gering patient's safety [1,2]. In case of delayed diagnosis
and therapy infection causes severe impairment of the
affected joint and even lead to a life threatening situation
[3]. On the one hand there are certain patient-specific risk
factors such as immunosuppressive diseases [4,5]. On the
other hand arthroscopy specific factors such as steriliza-
tion of the increasingly complex equipment, duration of
surgery and the extent of arthroscopic intervention appear
to influence the risk of joint infections [6]. Based on the
current literature the present article discusses the relevant
recommendations regarding prevention, diagnosis and
therapy of septic arthritis and is thus intended to be a
guideline for the orthopedic surgeon.
Epidemiology
Major reasons for septic arthritis are haematogenous path-
ogen spread, intraarticular injections, penetrating injuries
and open-surgeries [7]. In contrast arthroscopic interven-
tion plays only a subsidiary role. Jerosch et al. reported
infection rates of up to 0.42% following arthroscopy [2].
Recently the German institute for ambulatory arthroscopy
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(BVASK) reported an incidence rate of 0.13% following
ambulatory arthroscopy [8]. They evaluated 51.079 sur-
geries in 66 centers between 2001 and 2008. They further-
more stated, that depending on the duration of the
surgery, the number of previous interventions, the extent
of the intraoperative procedure as well as previous steroid
injections the infection rate seems to increase [8]. In this
context several authors additionally found combinations
of arthroscopic and open surgery techniques to increase
the risk for septic arthritis [6,9].
Different joints reveal specific incidence rates. The lowest
of approximately 0.8% is found for the elbow, followed
by the knee with 1% and the shoulder with up to 3.4%
[10]. Regarding hip arthroscopy Mc Carthy et al. reported
not a single case of septic arthritis in 1500 patients [11].
The ankle joint appears to have the highest incidence of
septic arthritis of up to 5.7% [2,12].
Pathogenesis
Initially, bacteria are conveyed via arthroscopy medium or
instruments into the joint or the periarticular tissue and
deposit in the synovial membrane leading to an acute
inflammatory response. As the synovial does not exhibit a
limiting barrier bacteria easily infiltrate the synovial fluid
and cause purulent infection [2]. Therefore the main
problem is the imminent danger of infection dispersion
throughout the complete joint. Furthermore there might
be protracted synovitis as well as irreversible cartilage
damage.
Risk Factors
The immune competent organism is capable to eliminate
pathogens via phagocytosis by synovial cells [13]. Only
very few patients who intraoperatively had been exposed
to pathogens consecutively develop wound infection and
joint infection respectively. Thus, the majority of postop-
erative infections might be determined by endogenous
factors. Therefore the surgeon can influence only a limited
extent [14]. Not-adjusted diabetes mellitus, liver cirrhosis,
dialysis, rheumatoid arthritis and malignant diseases are
potential predisposing factors [15]. In contrast, several
studies regarding the impact of human immunodefi-
ciency virus (HIV) infection on the onset of septic arthritis
yielded only marginal influence [4]. Besides systemic rea-
sons, local factors such as osteoarthritis have to be men-
tioned (see table 1). Another relevant risk factor is any
precedent systemic steroid or immunosuppressive ther-




On the one hand recognition of patient's specific risk fac-
tors and adaption of therapy is crucial [17], on the other
hand exogenous risk factors have to be minimized.
Besides intraoperative asepsis attention should particular
focus on the preparation and sterilization of endoscopic
instruments, needles, optics and electronic components
[18].
Perioperative Antibiotic Prophylaxis (PAP)
Data in the current literature do not support a general rec-
ommendation on PAP [19]. A retrospective review on
more than 300 arthroscopic knee interventions reported
an infection rate of 0.15% in patients treated with PAP
and of 0.16% in patients without PAP [19]. In contrast,
there are several studies reporting adverse effects of a PAP
including allergic reaction or Clostridium difficile associ-
ated diarrhea. Therefore the orthopedic surgeon has to
identify the patient as well as the intervention specific risk
factors requiring a PAP even for aseptic interventions [18].
PAP antibiotics should cover the relevant pathogens and
be well tolerated. For arthroscopic surgery Cepha-
losporines of the 1st or 2nd generation are suitable due to
their effectiveness against Staphylococcus Aureus [20].
Cephalosporines of the 3rd and 4th generation as well as
Chinolones are not indicated for a routine PAP because of
the chance of developing resistance. Furthermore these
antibiotics are associated with a higher risk of Clostridium
difficile infection [20]. In case of allergy towards Cepha-
losporines and/or incompatibility Clindamycin can be
used. Vancomycin is indicated only in terms of second-
line antibiotics and in case of Cephalosporine intolerance
or Methicillin Resistant Staphylococcus Aureus (MRSA)
colonization or infection [19].
Pharmacodynamically the best time point for antibiotics
application is at 30 minutes before skin incision, therefore
during onset of general anesthesia. A lot of studies have
proven that repeated application compared to single
application (single shot) of antibiotics does not offer a
higher antibiotic coverage, but is associated with a higher
incidence of adverse side effects [19]. Though, in surgery
lasting more than 3–4 hours a second antibiotic applica-
tion might be required [19].
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Diagnosis
Discrimination between physiological wound healing,
postoperative irritation and joint infection is difficult.
Several factors impede accurate diagnosis, i.e. in case of
early functional aftercare, or initial stages of infection.
Particularly degenerative damaged joints offer diagnostic
difficulties to differentiate whether acute exacerbation of
the pre-existing joint disease or a delayed infection after
arthroscopy is present [21].
Anamnesis, Clinical Facts
Regarding anamnesis it is essential to accurately docu-
ment previous medical and surgical interventions (i.e. the
number of steroid injections) [2]. Although several
authors claim classic symptoms of infection (rubor, dolor,
calor, tumor and functio laesa) for the clinical diagnosis
of septic arthritis their diagnostic value is only limited
[22]. Following a meta-analysis of Margaretten et al. pain-
related limited range of motion was present in 85%, swell-
ing of a joint in 78% of the cases but only in 30% of the
cases significant rubor or swelling was noted [15]. Moreo-
ver, these symptoms can also be present in cases of aseptic
arthritis as well. Differentiation of joint infection to chon-
drocalcinosis, reactive arthritis (e.g. Lyme's disease) or
Sudeck's syndrome can be challenging in some cases [22].
In cases of postoperative infection redness is present in
the area of the surgical approach; pus can leak from the
wound as well. During antibiotic or immunosuppressive
therapy or in cohesion with immune-compromising dis-
eases clinical symptoms might not be evident until
advanced stages of septic arthritis. Besides local findings
general symptoms can occur. Fever, chills, circulatory
depression and acute shock pathology are some sorts of
possibly evolving symptoms.
Laboratory Parameters
Mehta et al. demonstrated that analysis of white blood
cell count (WBC) is only of limited diagnostic value [10].
He reported that almost 40% of patients presenting with
acute septic arthritis had a leukocyte account of <10.000/
ml. In contrast C-reactive protein (CRP) in these patients
was significantly increased in more than 95% [10].
Diagnostic Arthrocentesis
If septic arthritis is suspected diagnostic arthrocentesis
should be performed. In case of difficult approachable
joints ultrasound guidance might help before a calculated
antibiotic therapy is initiated. The macroscopic inspection
of the aspirate may already indicate a possible infection
[23]. Typically a viscous, purulent aspirate is extracted in
bacterial joint infections. A Gram stain can be performed,
whereas the microbiological analysis is obligatory for the
confirmation of diagnosis and as guideline for the resist-
ance-adapted antibiotic therapy. The leucocytes' account
in these joint effusions is usually >50.000 leucocytes/
mm3 with more than 90% of the cells being polymorpho-
nuclear cells. In this context it needs explicitly to be
pointed out that low leukocyte numbers below 1000 –
10.000 leukocytes/mm3 do not exclude joint infection. A
cell count over 50.000/mm3 in the joint aspirate is yet evi-
dential for septic arthritis [2].
Imaging
Although radiographs provide only important clues in the
late phase of disease, they are mandatory for documenta-
tion (figure 1). Patients with suspicion for concomitant
septic spread should undergo a CT-exam. MRI may be
helpful in cases of chronic infections as well as septic
spread [6,15]. It enables evaluation of extra-articular
expansion in patients with a fulminant progression or dis-
tinct clinical signs [2,22].
Therapy
One representative clinical study showed the distinct cor-
relation between early diagnosis, therapy and clinical out-
come [22]. Even if joint infection is only suspected
surgical revision is indicated. The cornerstones of therapy
are built by mechanical purification, release of pressure,
antibiotic therapy and functional healing [24]. According
to the recent literature procedures such as straight needle
aspiration for joint-drainage or the flush-suck-treatment
do not have therapeutic value any more [2,25].
Arthroscopic Surgery
The complication rate and the number of exits during
treatment of septic joint infections were evidently reduced
via arthroscopic management. Regarding arthroscopic
therapy an accepted stage-oriented procedure exists. The
therapeutic management is usually determined by arthro-
scopic diagnosis and is primarily based on the classifica-
tion of Gaechter [24] (see table 2). For most pediatric and
adult cases of septic arthritis Gaechter stage I and II arthro-
scopic treatment according to intraoperative findings is
adequate [24,26]. In arthroscopic procedure each joint
compartment needs to be inspected, lavaged and released
from necrotic tissue. A biopsy for microbiological and his-
tological examination needs to be obtained during the
surgery. Necrotic changes and adhesions in the area of the
synovial membrane have to be removed compulsory. A
primary synovectomy is not indicated for early stages of
infection because of the physiological barrier through the
synovial membrane. In cases of Gaechter stage III an
intensive synovectomy along with necrosectomy, adhesi-
olysis and cartilage debridement should be performed if
necessary (figure 2) [2]. Essential for lavage of the joint is
the use of at least 10 to 15 liters of lavage fluid. The post-
operative redon-drainages are removed after 24 to 48
hours and the tips of the drainages are sent in for micro-
biological analysis [24]. Consecutively a small meshedPatient Safety in Surgery 2009, 3:6 http://www.pssjournal.com/content/3/1/6
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clinical observation and CRP-control is performed. When-
ever the CRP does not fall or even tends to increase within
2 days after the first revision and simultaneous start of the
antibiotic therapy a contemporary follow-up intervention
is indicated [2].
Most authors pronounce against an intraarticular therapy
including anti-septic additives due to hereby possibly cre-
ating irreversible cartilage damages. Other treatment
options include the outlay of the joint space with antibi-
otic straps or the intraarticular application of antibiotics
(e.g. Gentamycin). These methods do not seem justifiable
in cases of intact articular cartilage because these methods
might lead to mechanical damage during the postopera-
tive mobilization. Different clinical examinations have
shown that an adequate high synovial antibiotics level is
reached following intravenous application. Moreover
Argen et al. described the appearance of synovitis after
intraarticular instillation of antibiotics [27].
Open Surgery
Despite all advantages of arthroscopic therapy the limits
in case of joint infection should be kept in mind. Thus a
straight arthroscopic approach is not advisable if osseous
affection of the infection is suspected. An arthroscopic
therapy management following primary open surgery is
not useful when the infection focus is suspected in the
area of open surgical approach (i.e. extra-articular locali-
zation) [2].
Antibiotic Therapy
In septic arthritis a positive pathogen proof is not found
regularly and there is a broad range between 60% and
100% of proven pathogens as reported in literature. The
microbiological pathogen proof is especially aggravated if
the patient had already been treated antibiotically before
the extraction of assay material was performed. Previous
to the presentation of the antibiogram the peri- and post-
operative antibiotic coverage is performed using a staphy-
lococcus-potent antibiotic [22]. Although in the current
literature no general agreement exists regarding the initial
parenteral antibiotic therapy and the consecutive oral
antibiosis a focused antibiotics therapy should be per-
formed after the antibiogram for at least 4–6 weeks after
the CRP-level was normalized [22]. There is an increasing
prevalence of MRSA with has to be considered particularly
[28]. To optimize antibiotic therapy an interdisciplinary
approach in cooperation with a microbiological depart-
ment plays an increasingly important role for the ortho-
pedic surgeons.
Aftercare
Postoperative immobilization of the affected joint can
occasionally be necessary for pain treatment. On the first
postoperative day physiotherapeutic treatment with sup-
port of movement splints (continuous passive motion,
CPM) and cryotherapy is indicated. The CPM splint pre-
vents adhesions, improves local cartilage nutrition, evacu-
ates lysosomal enzymes and purulent exsudation and
stimulates chondrocytic matrix synthesis [2]. The postop-
erative partial weight bearing of the joint should be
guided by local clinical findings, subjective complaints of
the patient and intraarticular documented damage. Full
weight bearing is allowed 6 weeks post surgery at the ear-
liest even for patients without complications postopera-
tive to preserve busted hyaline articular cartilage [22].
Prognosis
Prognosis of infectious arthritis distinctly depends on the
in-time diagnosis and the initiation of adequate therapy
within the first couple of days after incidence of symp-
toms. Also life-threatening stages can develop consecu-
tively. Especially in cases of pre-existing chronic poly-
arthritis prognosis of septic arthritis is significantly worse.
The mortality rate ranges at approximately 20% for
patients with chronic polyarthritis compared to 5–10%
for other groups [29]. The respective prognosis of the
affected joint depends in particular on the primary and
secondary damage to the intra-articular structure.
Key messages
￿ Prognosis depends on the in time diagnosis and
therapy within the first couple of days after the inci-
dence of infection symptoms.
37 year old female, 5 weeks following removal of a tibia nail,  developed postoperative pain, swelling, warming and redness  of knee joints Figure 1
37 year old female, 5 weeks following removal of a 
tibia nail, developed postoperative pain, swelling, 
warming and redness of knee joints. Left knee joint: nar-
rowing of joint space, subchondral osteolysis, Gaechter III 
(intraoperatively classified).Patient Safety in Surgery 2009, 3:6 http://www.pssjournal.com/content/3/1/6
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￿ When suspecting septic arthritis a diagnostic arthro-
centesis should be performed before the beginning of
an (calculated) antibiotic treatment, in difficult cases
performed via ultrasound-guidance.
￿ The operative infection management is determined
by following arthroscopic diagnosis assessment as
described by Gaechter.
￿ Postoperatively immobilization of the affected joint
can be necessary regarding the patients' pain or other-
wise physiotherapy should be performed.
￿ During early stages of infection daily re-evaluation is
necessary regarding possibly appearing pain or other
clinical signs of infection in order to recognize a septic
spread as soon as possible.
Abbreviations
BVASK: German Institution For Ambulatory Arthroscopy;
CPM: Continous Passive Motion; CRP: C-reactive Protein;
CT: Computed Tomography; HIV: Human Immunodefi-
ciency Virus; MRI: Magnet Resonance Imaging; MRSA:
Methicillin Resistant Staphylococcus Aureus; PAP: Periop-
erative Antibiotic Prophylaxis; WBC: White Blood Cell
Count.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
CK and VB contributed to review design, literature analy-
sis and drafted the manuscript. JP, ABI and SH contrib-
uted to manuscript review. All authors read and approved
the final manuscript.
References
1. Goldenberg DL: Septic arthritis.  Lancet 1998, 351:197-202. quiz
1319–1320.
2. Jerosch J: [Acute joint infection – diagnosis and treatment].
Orthopade 2004, 33:1309-1318.
3. Wick M, Muller EJ, Ambacher T, Hebler U, Muhr G, Kutscha-Lissberg
F: Arthrodesis of the shoulder after septic arthritis. Long-
term results.  J Bone Joint Surg Br 2003, 85:666-670.
4. Saraux A, Taelman H, Blanche P, Batungwanayo J, Clerinx J, Kagame
A, Kabagabo L, Ladner J, Perre P Van de, Le Goff P, Bogaerts J: HIV
infection as a risk factor for septic arthritis.  Br J Rheumatol
1997, 36:333-337.
5. Zalavras CG, Dellamaggiora R, Patzakis MJ, Bava E, Holtom PD: Sep-
tic arthritis in patients with human immunodeficiency virus.
Clin Orthop Relat Res 2006, 451:46-49.
6. Herrera MF, Bauer G, Reynolds F, Wilk RM, Bigliani LU, Levine WN:
Infection after mini-open rotator cuff repair.  J Shoulder Elbow
Surg 2002, 11:605-608.
7. Jerosch J, Prymka M: [Arthroscopic therapy of septic arthritis.
Surgical technique and results].  Unfallchirurg 1998, 101:454-460.
48 year old male, ACL reconstruction 5 weeks ago, postoperative swelling, redness and hyperthermia, CRP 1.3 mg/dl Figure 2
48 year old male, ACL reconstruction 5 weeks ago, postoperative swelling, redness and hyperthermia, CRP 1.3 
mg/dl. Aspirate: Staph. epidermidis ++, Intra-OP Gaechter stage II
Table 2: Arthroscopic staging; Gaechter [24]
Stage I
- turbis synovial
- redness of synovial membrane
- petechial bleeding
- no radiographic changes
Stage II
- severe inflammation with fibrin clots
- pus
- no radiographic changes
Stage III
- swelling of synovial membrane
- formation of compartments
- no radiographic changes
Stage IV
- Pannus with infiltration of cartilage
- subchondral osteolysis
- bony erosions and cystsPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Patient Safety in Surgery 2009, 3:6 http://www.pssjournal.com/content/3/1/6
Page 6 of 6
(page number not for citation purposes)
8. Müller-Rath R, Becker J, Ingenhoven E: Wie hoch ist das statis-
tische Risiko einer Infektion nach ambulanter Arthroskopie?
Arthroskopie 2008, 21:87-91.
9. Jackson RW: The septic knee – arthroscopic treatment.
Arthroscopy 1985, 1:194-197.
10. Mehta P, Schnall SB, Zalavras CG: Septic arthritis of the shoulder,
elbow, and wrist.  Clin Orthop Relat Res 2006, 451:42-45.
11. McCarthy JC, Lee J: Hip arthroscopy: indications and technical
pearls.  Clin Orthop Relat Res 2005, 441:180-187.
12. Strecker W, Eisele R, Fritz M, Kinzl L, Hehl G: [Value of arthros-
copy in the treatment of upper ankle arthritis].  Unfallchirurg
2005, 108:461-469.
13. Hogan CJ, Fang GD, Scheld WM, Linden J, Diduch DR: Inhibiting
the inflammatory response in joint sepsis.  Arthroscopy 2001,
17:311-315.
14. Greiner S, Braunsdorf J, Perka C, Herrmann S, Scheffler S: Mid to
long-term results of open acromioclavicular-joint recon-
struction using polydioxansulfate cerclage augmentation.
Arch Orthop Trauma Surg 2008 in press.
15. Margaretten ME, Kohlwes J, Moore D, Bent S: Does this adult
patient have septic arthritis?  JAMA 2007, 297:1478-1488.
16. Esenwein SA, Ambacher T, Kollig E, Kutscha-Lissberg F, Hopf F, Muhr
G: [Septic arthritis of the shoulder following intra-articular
injection therapy. Lethal course due to delayed initiation of
therapy].  Unfallchirurg 2002, 105:932-938.
17. Tabori E: Durchblick bei der Hygiene.  Arthroskopie 2008,
21:66-73.
18. Hauer T, Tabori E: Perioperative Antibiotikaprophylaxe
(PAP).  Arthroskopie 2008, 21:80-82.
19. Bert JM, Giannini D, Nace L: Antibiotic prophylaxis for arthros-
copy of the knee: is it necessary?  Arthroscopy 2007, 23:4-6.
20. Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP:
The timing of prophylactic administration of antibiotics and
the risk of surgical-wound infection.  N Engl J Med 1992,
326:281-286.
21. Paul J, Kirchhoff C, Imhoff AB, Hinterwimmer S: [Infection after
arthroscopy.].  Orthopade 2008.
22. Kirchhoff C, Braunstein V, Buhmann Kirchhoff S, Oedekoven T, Mut-
schler W, Biberthaler P: Stage-dependant management of sep-
tic arthritis of the shoulder in adults.  Int Orthop 2008 in press.
23. Scheffer D, Hofmann S, Pietsch M, Wenisch C: [Infections in ortho-
pedics and traumatology. Pathogenesis and therapy].  Ortho-
pade 2008, 37:709-718. quiz 719.
24. Stutz G, Gachter A: [Diagnosis and stage-related therapy of
joint infections].  Unfallchirurg 2001, 104:682-686.
25. Broy SB, Schmid FR: A comparison of medical drainage (needle
aspiration) and surgical drainage (arthrotomy or arthros-
copy) in the initial treatment of infected joints.  Clin Rheum Dis
1986, 12:501-522.
26. Jeon IH, Choi CH, Seo JS, Seo KJ, Ko SH, Park JY: Arthroscopic
management of septic arthritis of the shoulder joint.  J Bone
Joint Surg Am 2006, 88:1802-1806.
27. Argen RJ, Wilson CH Jr, Wood P: Suppurative arthritis. Clinical
features of 42 cases.  Arch Intern Med 1966, 117:661-666.
28. Kurokouchi K, Takahashi S, Yamada T, Yamamoto H: Methicillin-
resistant Staphylococcus aureus-induced septic arthritis
after anterior cruciate ligament reconstruction.  Arthroscopy
2008, 24:615-617.
29. Van Tongel A, Stuyck J, Bellemans J, Vandenneucker H: Septic
arthritis after arthroscopic anterior cruciate ligament
reconstruction: a retrospective analysis of incidence, man-
agement and outcome.  Am J Sports Med 2007, 35:1059-1063.